The bis(silyl)amide {N(SiMe3)2} (N′′) has supported spectacular actinide (An) chemistry for over 40 years,
Introduction
Bulky monodentate ligands are frequently used to stabilize lowcoordinate metal complexes, which can exhibit interesting physicochemical properties as a result of their coordinative unsaturation [1] . Amides, NR2, have found widespread application as their steric and electronic properties are readily tuned; bis(silyl)amides, N(SiR3)2, form an important subclass as the polarizable Si atoms produce softer, more charge-diffuse Ndonors with distinctive electronic properties [2] . However, bis(silyl)amides are still relatively hard, thus they are wellsuited to f-block chemistry [3] , where bonding regimes are predominantly electrostatic [4] . Focusing on the actinides (An), hexamethyldisilazide (HMDS, {N(SiMe3)2}, N′′) is the most frequently utilized bis(silyl)amide ligand and has stabilized numerous landmark compounds since the first example [Th(N′′)3(Cl)] was reported by Bradley et al. in 1974 [5] . Of most relevance here, trigonal pyramidal [U(N′′)3] provided the first example of a 3-coordinate An complex in 1979 [6] , and this has been a vital starting material for the expansion of molecular U III chemistry in the interim [7, 8] . Given the importance of [U(N′′)3], it is somewhat surprising that until 2014 only one An complex containing a bulkier monodentate bis(silyl)amide than N′′, [U III {N(SiPhMe2)2}3], had been isolated [9] . Recently, we developed synthetic routes to a series of bulky bis(silyl)amides and we have used these to stabilize lowcoordinate f-element complexes [10] . The homoleptic U III complex, [U(N**)3] [N** = {N(SiMe2tBu)2}, 1], was the first structurally characterized trigonal planar An complex [10a] . Inspired by the paucity of bulky bis(silyl)amide An complexes and the interesting structure of 1, we targeted related examples. Our results are reported herein.
Results and Discussion
We first attempted the synthesis of heteroleptic U IV complexes
by the chemical oxidation of 1, as this had proved fruitful when using [U(N′′)3] as a starting material [7, 8] . However, we found that 1 does not react with 1 atm CO or CO2, and an intractable mixture of products was obtained from the reaction of 1 with P4. The diminished reactivity between 1 and CO or CO2 contrasts with [U(N′′)3], which reacts readily with these substrates [11, 12] ; we attribute this divergence to the increased kinetic stabilization provided by the bulkier N** ligands and the lack of a permanent electronic dipole in planar [17] . The crystalline yields of 2, 3 and 5 were uniformly poor (<10 %), which is in line with the 14 % yield reported for [U(N′′)2(μ-I)(THF)]2 [18] . It is noteworthy that the reported isolated yield of homoleptic 1 (62 %) [10a] is much higher than heteroleptic 2, 3 and 5. Ligand scrambling processes and cyclometallation are well-documented side-reactions in felement bis(silyl)amide chemistry [1] [2] [3] . Although such processes cannot be discounted here, no other crystalline products could be isolated from the reaction mixtures of 2, 3 and 5 to confirm these suppositions. and 3, though a signal was observed at δSi = -264.1 ppm for 5 that is comparable to the signal previously seen for 1 (δSi: -296.0) [10a] . The UV/Vis/NIR spectra of 2, 3 and 5 ( Figure 1 ) are predominated by intense absorptions in the visible region, which we attribute to U III 5f 3 →5f 2 6d 1 transitions [26] , and intense charge transfer bands ̃>25,000 cm ) and comparable to those previously observed for 1, and for dinuclear 3 the intensities of these absorptions correlate to two U III centers (< 200 M -1 cm -1 ). In contrast, the corresponding absorptions for 2 are far more intense (e.g. v = 8,300 cm -1 , ε = 500 M -1 cm -1 ). We cannot explain the discrepancies between 2 and 3 given the similarity of their solid state structures (see below) but intense f-f transitions have previously been seen for uranium complexes and attributed to a 'charge-stealing' mechanism arising from the involvement of 5f orbitals in UV charge transfer bands [27] .
[An(Cl) 4 
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This article is protected by copyright. All rights reserved. The molecular structures of 2-8 were determined by single crystal X-ray diffraction (2-6, 7-U and 8 are depicted in Figures 2-8; see Supporting Information for the structure of 7-Th and selected bond distances and angles compiled in Table S4 ). 
This article is protected by copyright. All rights reserved. The cyclometallated dinuclear complexes 7-An are structurally analogous, hence these are discussed together. The formally 5-coordinate An centers are bridged by two chlorides, and each contain one bidentate {N(SiMe2tBu)(SiMetBuCH2-κ 2 -N,C)} and one N**. The similarity of the cyclometallated ligand with N** leads to significant crystallographic disorder so they cannot be easily distinguished; this results in a wide range of An-N and An-C distances, hence we do not discuss the metrical parameters of the 4-membered metallacycles. We previously observed this phenomenon for the related Yb ), but are approximately double the value for the monomer 5.
The χT for 5 decreases only slowly on cooling, reaching 0.76 cm 3 K mol -1 at 2 K; a notably weaker temperature dependence than for 1 (which varies from 1.07 to 0.41 cm 3 K mol -1 in the same temperature range). This higher low temperature limit for 5 suggests a more magnetic ground state, and this is consistent with the low temperature EPR spectrum ( Figure S17 ) which shows resonances at geff = 4.9 and 3.3 (final g-value unobserved) in contrast with the geff = 3.55, 2.97 and 0.553 observed for 1 [10a] . The ground state of 1 is reasonably described by the |mJ| = ½ Kramers doublet of the 4 I9/2 term, assuming a Russell-Saunders description, which is stabilized by the trigonal-planar crystal field with no axial ligands. The EPR spectrum of 5 implies a substantial contribution from a higher |mJ| state in the ground doublet, and this would be consistent with the lower symmetry, and the weaker field of the iodide ligand, leading to the principal axis being rotated towards the coordination plane.
The χT(T) product for 2 decreases to 0.16 cm 3 K mol -1 at 2 K, and a maximum is observed at 16 K in χ(T) (Figure 9(a) ). These data are consistent with significant antiferromagnetic coupling between the U III centers. Supporting this, 2 gives a very low magnetization (M, ca. 0.1 μB) at low fields before increasing rapidly above 6 T ( Figure 9(b) ), consistent with a field-induced level crossing of a magnetic excited state with a non-(or weakly-) magnetic ground state. The non-zero low-field magnetization is likely the result of a small quantity of a monomer impurity (which would not be readily detectable in elemental analysis or by NMR spectroscopy). Complex 3 also shows evidence for antiferromagnetic coupling in magnetization behavior ( Figure  S11 ), but there is a much more significant low-field step. We note that on one occasion crystals of 6 were identified during the crystallization of 3, and analysis of the powder X-ray diffraction data of a sample of 3 ( Figures S18-20 ) indicates significant contamination with complex 6 (the ratio of 3 to 6 is approximately 1:3). Hence, we refrain from discussing the data for 3 further. For 5, M(H) saturates in relatively low applied magnetic field (H) as expected for a well isolated Kramers doublet ( Figure  9(b) ). In common with many U(III) monomers [31] , complex 5 exhibits slow relaxation in ac magnetic measurements, with a peak in out-of-phase χ''(T) at low temperatures when a small dc field is applied, and this also manifests as an open hysteresis loop at 1.8 K. This behavior is similar to that of 1 [10a] . 
Conclusions
Heteroleptic U III complexes of the bulky bis(silyl)amides N**, N † ′ and N † † can be prepared from UI3 and potassium ligand transfer agents. The low isolated crystalline yields obtained are presumably due to sluggish ligand substitution and facile cyclometallation, which both result from the considerable steric bulk of these systems. These effects were magnified in the attempted synthesis of An IV N** complexes as the Lewis acidic 
Accepted Manuscript European Journal of Inorganic Chemistry
This article is protected by copyright. All rights reserved.
FULL PAPER

Experimental Section
General
All manipulations were carried out using standard Schlenk techniques, or an Innovative Technology PureLab HE glovebox, under an atmosphere of dry argon. Solvents were dried by refluxing over potassium, or NaK (Et2O) and degassed before use. All solvents were stored over potassium mirrors except for THF which was stored over activated 4 Å sieves.
[ Si NMR spectra were recorded on a Bruker DPX400 spectrometer operating at 400.2, 100.6 and 79.5 MHz respectively; chemical shifts are relative to TMS. FTIR spectra were recorded as Nujol mulls in KBr discs on a Perkin Elmer Spectrum RX1 spectrometer. UV-Vis-NIR spectroscopy was performed on samples in Youngs tap appended 10 mm pathlength quartz cuvettes on an Agilent Technologies Cary Series UV-Vis-NIR Spectrophotometer from 175-3300 nm. Elemental microanalyses were carried out by Mr Martin Jennings and Mrs Anne Davies at The University of Manchester School of Chemistry Microanalysis service. Q-band EPR spectroscopy was performed on powdered samples in sealed quartz tubes at 5 K. Magnetic measurements were made using a Quantum Design MPMS-XL7 SQUID magnetometer on ground crystalline samples suspended in eicosane in sealed borosilicate tubes.
Preparation of [U(N**)2(μ-I)]2 (2)
THF ( 35 mmol). The reaction mixture was allowed to warm to room temperature slowly, and stirred for 16 hrs. Volatiles were removed from the purple slurry in vacuo and the resultant solids were extracted with hexane (20 mL). The red/purple solution was concentrated, and upon standing at room temperature several red/purple needles of 6 formed. These were isolated and the mother liquor was stored at 4 °C for 24 hours to form purple needles of 3 (0.0763 g, 6 %). Anal Calcd for C48H120Si8I2N4U2: C, 33.75; H, 7.08; N, 3.28. Found: C, 33.64; H, 7.07; N, 3.54. Diethyl ether (20 mL) was added to a pre-cooled (-78 °C) mixture of [Th(Cl)4(THF)3.5] (1.252 g, 2 mmol) and [Na{N(SiMe2tBu)2}] (1.605 g, 6 mmol). The white slurry was allowed to warm to room temperature slowly, with slow dissolution of most of the solids, and the mixture was stirred for 16 hours. Volatiles were removed in vacuo and the tacky white solid was extracted with hexane (20 mL). Concentration of the hexane to 1 mL followed by storage at 4 °C afforded several crystals of 8. Re-extraction of the hexane insoluble residue with toluene (10 mL) followed by evaporation of the volatiles in vacuo afforded a tacky white solid. This residue was then extracted with hot hexamethyldisiloxane (10 mL), concentrated to 3 mL and stored at 4 °C to afford a few crystals of 7-Th. 
